(Nd 0.1 Eu 0.1 Gd 0.8 )Ba 2 Cu 3 O y "NEG-123"superconductors were synthesized as a function of BaO 2 content with the aim of reducing NEG/Ba substitution and preparing batch production in air. The DTA data were used to schedule the heat treatment profile of the melt growth process. The magnetization measurements indicated that superconducting transition temperature increased with increasing the BaO 2 concentration and a T c (onset) reached around 95 K for the sample with 24 mol% BaO 2 , which is similar to the NEG samples processed in reduced oxygen pressure. Moreover, the superconducting transition temperature decreased when BaO 2 content exceeded 28 mol%. The irreversibility field was increased with increasing the BaO 2 concentration and reached >5 T for the sample with 24 mol% BaO 2 and decreased thereafter. The experimental results suggest that the present approach will contribute to large scale batch production of melt-processed NEG-123 materials in air.
Introduction
Production of single-grain LREBa 2 Cu 3 O y "LRE-123" (LRE: Nd, Sm, Gd, NEG, etc.,) bulk superconductors with a cold seeding technique will enable us to realize a new generation of superconducting magnets that can be used for a variety of industrial applications including MRI, NMR, drug-delivery systems in medical applications, water cleaning, space or naval transport systems [1] [2] [3] . The main issues for industrial applications are the material performance i.e. critical current density (J c ) and fabrication cost.
Melt-processed LRE-123 materials, (Nd,Eu,Gd)Ba 2 Cu 3 O y "NEG-123" composites exhibit high T c around 94 K, critical current density at 65 K in the self-field at the level of 10 5 A/cm 2 (H//c-axis). In a narrow range of the Nd:Eu:Gd ratio, microstructural analysis revealed that the LRE-123ss clusters arranged into nanoscale planar structures, lamellas, filling the channels between twin plane boundaries. The new class of pinning media and its thickness, periodicity are comparable to the coherence length ; these structures represent a very efficient pinning agent, especially at high magnetic fields, thus leading to a significant enhancement of the critical current density at higher magnetic fields and a high irreversibility field at 77 K (15T, H//c-axis) [4] . In contrast, the critical current density (J c ) of these materials was dramatically improved by further optimizing the nano-scale secondary phase particles and Zn, Mo, Ti, Nd etc. additives in NEG-123 matrix. As a result, pinning in these materials is very strong right up to liquid oxygen temperature (90.2 K), leading to impressive levitation forces and extending thus the application range of 123 compounds by about 13 K [5] . Nano-structured NEG-123 material shows the possibility to obtain very high critical ccurrent density even around 90.2 K. Further, the calculated TF values obtained at 77K using experimental J c -B model and the data from numerical simulation of NEG-123 with 30 mol% Gd-211 (70 nm particles) indicated that the trapped field reached more than 4 T in the remnant state at 77 K [6] . This record performance in trapped field measurements exceeds that of YBa 2 Cu 3 O y , and makes these materials an excellent option for utilization in practical applications. Although, considerable amount of work has been published on the topic of bulk melt-processed NEG-123 system, which is prepared in reduced oxygen pressures. Samples were prepared in reduced oxygen pressures because it was well known that when LRE-123 compounds are melt processed in air, a relatively large amount of RE ions substitute on Ba site, which results in poor superconducting properties. Moreover, the LRE-123 systems are known to form a LRE 1+x Ba 2-x Cu 3 O y type solid solution. [1] Then, it was found that superconducting properties could be improved by processing either in a low oxygen partial pressure atmosphere (pO 2 ) or by starting with a Ba-enriched initial composition and then processing the samples under air [1, 7] . Therefore, to produce the NEG-123 material in air, an optimization of the BaO 2 content was necessary, in order to suppress NEG/Ba solid state substitution.
In this paper we report on the melt processing and magnetic properties of the NEG-123 material processed in air with the aim of designing the batch production of new class of superconducting super-magnetic for several industrial applications.
Experimental Section
High-purity home made powders of NdBa 2 Cu 3 O y EuBa 2 Cu 3 O y and GdBa 2 Cu 3 O y .were mixed in the amounts corresponding to the nominal composition of (Nd 0.1 Eu 0.1 ,Gd 0.8 )Ba 2 Cu 3 O y "NEG-123". Here we selected Gd rich NEG-123 to fabricate the NEG-123 samples in air. For the batch process, NEG-123 and (Nd 0.33 Eu 0.33 Gd 0.33 ) 2 Ba 1 Cu 1 O 5 "NEG-211". powders were mixed in a molar ratio of NEG-123:NEG-211 = 10:5. In order to suppress coarsening of the NEG-211 particle during the melt process, 0.5 mol% of Pt and 1 mol% of CeO 2 were added. Moreover, 0mol%, 4mol%, 8mol%, 16mol%, 20mol%, 24mol%, 28 mol% and 32 mol% of BaO 2 was added to optimize the best composition and suppress NEG/Ba solid state substitution in the superconducting phase composition. To improve the mechanical performance of the bulk, 20wt% of Ag 2 O was also added. All constituents were thoroughly mixed for 3 h in a milling machine incorporating an electric mortar and pestle. The powders mixture was pressed into pellets of 20 mm in diameter and 12 mm in thickness by uniaxial pressing. The thermal stability of these materials was analysed by differential thermal analysis (DTA) in air. The experiments are carried out in Al 2 O 3 cups with a MAC SCIENCE TG-DTA2000S apparatus with a heating rate of 25 o C min -1 . The temperature of phase transitions were determined from the onset temperature in the DTA peaks are used to schedule the heat treatment profile of the melt growth process for BaO 2 added different NEG samples. The MgO single crystals were placed at the top center of each pellet, which were then melt-grown in air. The heat treatment profile used in the present experiment was as follows. The sample was heated in 5 h to the temperature 90 o C above the peritectic temperature (T p ) and held there for 40 min. Then the temperature was reduced during 30 min to 2 o C above T p , and slowly decreased by 25 o C with a cooling rate of 0.1 -0.5 o C/h. Finally, the temperature was reduced with a cooling rate of 20 o C/h to 100 o C and then the furnace was left to cool down to room temperature. For magnetic measurements small specimens with dimensions of a b c = 1.5 1.5 0.5 mm 3 were cut from as-grown pellets.
All specimens were selected 1 mm below the top and centre from the surface of the pellet and annealed in flowing O 2 gas as follows. Magnetization hysteresis loops (MHL) were measured at 77 K using a SQUID magnetometer with the maximum field of 5 T. The external magnetic field was applied parallel to the c-axis of the samples. The magnetic J c values were estimated based on the extended Bean's critical state model using the relation
where d is the sample thickness, a, b are cross sectional dimensions, b a, and m is the difference of magnetic moments during increasing and decreasing field processes in the M-H loop [8] . Figure 1 shows optical micrographs for the top view of as grown (Nd 0.1 Eu 0.1 ,Gd 0.8 )Ba 2 Cu 3 O y with varying contents of BaO 2 , 20 mm in diameter, melt processed in air. Even though we did not apply any temperature gradient, it can be seen that the growth has taken place starting from the MgO seed and the final structure is a single domain (see Fig.1 top) . For the samples processed at higher content of BaO 2 , looks not fully grown and need further optimization to make them grow into single domains. To check the growth morphology of the sample, we intentionally placed the MgO seed at the edge of the sample surface, and we found that even if the seed position is at the edge of the pellet, the sample could grow into a single domain. This observation emphasizes that the growth of large grain bulk superconductors is possible with the BaO 2 added NEG-123 system, which is very important for the batch production of NEG-123 material in air for the application of bulk type superconductors. It is evident that the T c (onset) increased with BaO 2 concentration i.e. from 88 K for 0 mol% to 95 K for 24mol% (see Fig. 2 , right). For higher concentrations of BaO 2 (> 28 mol%), T c was slightly depressed, but the superconducting transition temperatures remained still quite high. The NEG-123 sample with 24 mol% BaO 2 exhibit the highest onset T c of 95 K, which is similar to the samples processed in a reduced oxygen pressure. These results clearly demonstrate that the addition of BaO 2 to NEG-123 system was effective in reducing the NEG/Ba solid state substitution. However, a further optimization is necessary to get very sharp superconducting transition width for NEG-123 samples processed in air. These results are consistent with the earlier investigations on BaO 2 addition on single LRE-123 systems [9] . The critical current densities calculated by using Bean model formula are shown in fig. 3 . It is evident that the peak current, J peak , and the irreversibility fields are systematically increased with increasing the BaO 2 content up to 24 mol%. Furthermore, the peak current, and irreversibility shifts to lower fields on increasing BaO 2 concentration. This indicates that BaO 2 is very important to optimize the NEG-123 growth process in air. However, the values observed present case is very low as compared to the earlier reports [6] . The superconducting performance parameters, such as J c and T c of Nd-123 type materials, are sensitive to the deviation from the 123 stoichiometry in the cation sublattice. Therefore, the stoichiometric ratio in the superconducting phase of the bulk must be controlled during the melt growth process. For this further optimization of BaO 2 content in the NEG-123 system is essential. Also further, experiments are under way to improve the flux pinning performance of the air processed NEG-123 material by refinement of secondary phase particles, creation of nanometer defects such as Zr-rich ZrBaCuO and (NEG,Zr)BaCuO etc., [10] .
Results and discussion

Conclusion
We could grow large single-grain (Nd 0.1 Eu 0.1 Gd 0.8 )Ba 2 Cu 3 O y bulk superconductors with varying contents of BaO 2 and adopting a top-seeded melt-growth (TSMG) process in air using MgO as a seed crystal. The magnetization measurements clearly showed that the optimization of BaO 2 content is crucial for the growth of high-quality NEG-123 material in air.
The NEG123 sample with 24 mol% BaO 2 exhibited onset T c of 95 K with a broad superconducting transition as compared to the samples processed in reduced oxygen pressure [x] . Even though the initial results are encouraging, the J c -B characteristic imply that a further optimization is necessary to employ air processed NEG-123 material suitable for several industrial applications.
